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CATHETER WITH COLLAPSIBLE WIRE GUIDE 
Background of the Invention 

This invention relates to a catheter. More 
particularly, this invention relates to a catheter with a wire 
guide for receiving a guidewire for aiding in a catheteriza- 
tion process. This invention also relates to a catheteriza- 
tion assembly. 

Balloon angioplasty catheters and most atherectomy 
instruments, such as cutting and scraping devices, require 
over-the-wire guide systems. The guidewire directs the dis- 
tal, working end of the catheter around bends in a blood ves- 
sel and serves in positioning the catheter tip into or through 
an appropriate area of an occlusion. This guidewire method 
minimizes injury, dissection and perforation of the blood ves- 
sel wall. 

In currently used guidewire systems, there is 
usually both an extra lumen in the catheter through which the 
guidewire slides, stiffening the catheter, as well as a bend 
in the guidewire as it enters the catheter body, increasing 
the sliding friction between the catheter and the guidewire. 
See, for example, U.S. Patent No. 5,061,273 to Yock and U.S. 
Patent No. 4,748,982 to Horzewski et al. 

In conventional guided catheters, the guidewire 
enters the catheter through the sidewall and at the distal end 
of the catheter. In such an assembly, the bending of the 
guidewire at the entrance hole, as the catheter slides over 
the wire, has a tendency to pull the end of the guidewire out 
of an artery or vascular side branch. This pulling occurs 
frequently, for example, where a guidewire cannot be placed 
too deeply into a coronary artery. 

A further disadvantage of this conventional catheter 
guiding technique, if there is no separate lumen, is that a 
hole formed in the catheter sidewall for the passage of the 
guidewire leaks liquid from the side of the catheter rather 
than from the distal end where the liquid may be required for 
X-ray imaging, bathing the catheter tip, or clearing the field 
of blood. It is also possible that if the guidewire enters 
the catheter near its distal end, the bent guidewire will tend 
to tilt the catheter tip so that its aim is off center. 

Particularly in coronary work and peripheral proce- 
dures below the knee, it would be highly desirable to minimize 
the number of lumens in the catheter, thereby increasing the 
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flexibility of the catheter. In addition, particularly in 
such procedures, it would be advantageous to avoid sharp bends 
in the guidewire, thereby reducing friction between the 
guidewire and the catheter when the catheter is being moved to 
an occulsion. It would also be desirable to maintain the 
guidewire in a coaxial relationship with respect to the blood 
vessel right up to a blood clot. 
Objects of the Invention 

An object of the present invention is to provide an 
improved catheter guidewire system. 

Another object of the present invention is to pro- 
vide a wire-guided catheter with relatively enhanced 
flexibility. 

A more particular object of the present invention is 
to provide a wire-guided catheter wherein the number of lumens 
in the catheter is minimized. 

A further object of the present invention is to pro- 
vide a catheter assembly which has reduced friction between 
the guidewire and the catheter when the catheter is being 
moved to an occulsion. 

Another particular object of the present invention 
is to provide a catheter assembly wherein sharp bends in the 
guidewire are avoided. 

An additional object of the present invention is to 
provide a wire-quided catheter wherein leakage of liquid from 
the catheter lumen occurs only at the distal end of the 
catheter and not along the sidewall thereof. 

Yet another particular object of the present inven- 
tion is to provide a wire-guided catheter assembly wherein 
catheter steering is facilitated, for at least some applica- 
tions. 

These and other objects of the present invention 
will be apparent from the drawings and detailed descriptions 
herein. 

Summary of the Invention 

A catheterization assembly comprises, in accordance 
with the present invention, an elongate substantially 
cylindrical catheter having an outer surface, and a flexible 
collapsible guide element attached to the outer surface of the 
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catheter at a distal end thereof. A guidewire extends 
generally parallel to the catheter and through the guide ele- 
ment so that the guide element is held in an extended guide 
configuration away from the outer surface. 

According to another feature of the present inven- 
tion, the guide element is one of a plurality of flexible 
guide elements spaced from one another longitudinally along 
the catheter. In this embodiment of the invention , the guide 
elements may have different effective lengths, whereby the 
guidewire passes at a varying distance from the outer surface. 
On the one hand, where a relatively distal guide element has a 
longer effective length than a relatively proximal guide ele- 
ment, the guidewire diverges from the catheter at the distal 
end thereof. On the other hand, where a relatively distal 
guide element has a shorter effective length than a relatively 
proximal guide element, the guidewire converges towards the 
catheter at the distal end thereof. 

The latter configuration, with a convergence of the 
guidewire and the catheter, enables a positioning of the dis- 
tal tip of the guidewire in front of, but spaced from, the 
distal working end of the catheter. In the former configura- 
tion, where the guidewire is angled away from the catheter at 
the distal end thereof, the guidewire may be pointed at a nat- 
ural bend in an artery or around a urinary stone, for 
instance, where the catheterization is of a urethra. 

Pursuant to one specific embodiment of the present 
invention, the flexible guide element is a thread-like loop 
attached to the catheter. In a more particular embodiment of 
the invention, the loop is provided along its length, for 
example, at an acme or crest position, with a smaller, ancil- 
lary loop for receiving the guidewire. The ancillary loop is 
contained within or circumscribed by the larger main loop. 

Pursuant to an alternative embodiment of the present 
invention, the flexible guide element is a flap-like appendage 
on the catheter. In this event, the flap-like guide element 
may be formed with an inherent spring bias tending to hold the 
guide element in a collapsed configuration against the outer 
surface of the catheter. 

A flexible collapsible wire guide on a catheter in 
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accordance with the present invention serves to minimize the 
number of catheter lumens, thereby enhancing catheter 
flexibility. Flexibility is desirable for facilitating the 
threading of a catheter through labyrinthine vascular pas- 
sages, for example. Moreover, the flexible wire guide col- 
lapses against or next to the outer surface of the catheter 
when the guidewire is withdrawn, thereby avoiding injury to 
the vascular wall when the catheter is moved back and forth 
and minimizing the catheter diameter and further facilitating 
threading operations. Likewise, the collapsing wire guides 
will not interfere with the critical adjustment of the 
catheter. 

In contrast to conventional guidewire attachment 
techniques, the instant invention avoids bending the 
guidewire, thereby reducing friction which otherwise arises 
when moving the catheter tip to an occlusion. In further con- 
trast to such conventional guidewire attachment techniques, a 
catheterization assembly in accordance with the present inven- 
tion can maintain the guidewire in a coaxial relationship with 
respect to a blood vessel, right up to a blood clot or through 
a partial lumen formed by an occlusion. 

A catheter comprises, in accordance with another 
general embodiment of the present invention, an elongate sub- 
stantially cylindrical catheter sidewall surrounding a lumen 
and having an outer surface defined by a given diameter. A 
guide projection is provided on the outer surface of the 
catheter sidewall at a distal end thereof. The guide projec- 
tion extends in a radial direction beyond the sidewall outer 
surface and is provided with a bore extending substantially 
parallel to the catheter lumen. 

Pursuant to another feature of the present inven- 
tion, the projection takes the form of a round bump on the 
outer surface of the catheter sidewall. 

Pursuant to an additional feature of the present 
invention, the projection is provided with at least one slit 
oriented substantially transversely to the lumen and the bore, 
thereby facilitating a bending of catheter in a region about 
the projection. 

In all wire-guided catheter assemblies in accordance 
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with the present invention, the guidewire is threaded down the 
outside of the catheter and therefore does not interfere with 
the distal, working end of the device. 

It is to be noted that a wire-guided catheter in 
accordance with the present invention may be used for applica- 
tions other than vascular, for example, in urinary tract 
catheterization . 

Brief Description of the Drawing 

Fig. 1 is a partial longitudinal cross-sectional 
view, on an enlarged scale of a catheter with a flexible col- 
lapsible wire guide, in accordance with the present invention, 
showing the wire guide in a collapsed or neutral configura- 
tion. 

Fig. 2 is a partial side elevational view, on an 
enlarged scale, of the catheter of Fig. 1, showing insertion 
of a guidewire through the flexible guide. 

Fig. 3 is a partial side elevational view, partially 
in cross-section and on an enlarged scale, of another catheter 
with a flexible collapsible wire guide, in accordance with the 
present invention. 

Fig. 4 is a partial side elevational view, on an 
enlarged scale, of a further catheter with a flexible collap- 
sible wire guide, in accordance with the present invention. 

Fig. 5 is a partial side elevational view, on an 
enlarged scale, of a catheter with a modified flexible collap- 
sible wire guide similar to that shown in Fig. 4. 

Fig. 6 is a side elevational view, on an enlarged 
scale, of the distal end of a catheter with an ultrasonic 
waveguide and with a plurality of flexible collapsible 
guidewire guides, in accordance with the present invention. 

Fig. 7 is a side elevational view, on an enlarged 
scale, of the distal end of another catheter with an 
ultrasonic waveguide and with a plurality of flexible collap- 
sible guidewire guides, in accordance with the present inven- 
tion. 

In the drawings, the catheters are shown with the 
proximal ends to the left and the distal ends to the right. 
Detailed Description 

As illustrated in Figs. 1 and 2, a catheterization 
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assembly includes an elongate substantially cylindrical 
catheter 10 having a sidewall 11 with a cylindrical outer sur- 
face 12. A flexible collapsible guide flap or wing 13 is 
attached to outer surface 12 of catheter 10 at or about a dis- 
tal end thereof. Guide flap 13 is provided near a free end 
with an aperture 14 for receiving a guidewire 15, as depicted 
in Fig. 2. 

As shown in Fig. 1, prior to the insertion of 
guidewire 15 (Fig. 2) and subsequently to the withdrawal 
thereof, guide flap 13 lies against and substantially parallel 
to catheter sidewall 11 and a cylindrical lumen 16 defined by 
the sidewall. Upon insertion of guidewire 15 (from a proximal 
end thereof) through aperture 14, guidewire 15 extends sub- 
stantially parallel to catheter 10 and lumen 16, as depicted 
in Fig. 2. The passage of guidewire 15 through aperture 14 
pulls guide flap 13 into an extended guide configuration away 
from sidewall surface 12, in a direction transverse to 
catheter 10. 

Fig. 3 illustrates a catheterization assebmly 
similar to that of Figs. 1 and 2. An elongate substantially 
cylindrical catheter 20 having a sidewall 21 with a cylindri- 
cal outer surface 22. A flexible collapsible guide flap or 
wing 23 is attached to outer surface 22 of catheter 20 at or 
about a distal end thereof. Guide flap 23 is provided near a 
free end with an aperture 24 for receiving a guidewire 25. 

Prior to the insertion of guidewire 25 and subse- 
quently to the withdrawal thereof, guide flap 23 lies against 
catheter sidewall 21 in a recess 27 in sidewall 21. Guide 
flap 23 may be formed by carving the flap out of sidewall 21 
to form recess 27. 

Catheter 20 has a cylindrical lumen 26 defined by 
sidewall 21. Upon insertion of guidewire 25 (from a proximal 
end thereof) through aperture 24, guidewire 25 extends sub- 
stantially parallel to catheter 20 and holds guide flap 23 in 
an extended guide configuration away from sidewall surface 22. 

Guide flaps 13 and 23 are typically approximately 1 
mm thick and approximately 3 mm long. 

As depicted in Fig. 4, another catheterization 
assembly includes an elongate substantially cylindrical 
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catheter 3 0 having a sidewall 31 with a cylindrical outer sur- 
face 32. A pair of flexible collapsible guide loops 33a and 
33b are attached to outer surface 32 of catheter 3 0 at or 
about a distal end thereof. Guide loops 33a and 3 3b are 
attached at joints or weld points 34a and 34b to catheter 
sidewall 31 and receive a guidewire 35. Prior to the inser- 
tion of guidewire 35 and subsequently to the withdrawal 
thereof, guide loops 3 3a and 3 3b are foldable or collapsible 
against and catheter sidewall 31. 

Upon insertion of guidewire 35 (from a proximal end 
thereof) through loops 3 3a and 3 3b, guidewire 3 5 extends sub- 
stantially parallel to catheter 30 and a catheter lumen 36. 
The passage of guidewire 35 through loops 33a and 33b matinain 
the loops 33a and 33b in an extended guide configuration away 
from sidewall surface 32, in a direction transverse to 
catheter 30, as shown in Fig. 4. 

Fig. 5 shows a modified embodiment of the 
catheterization assebmly of Fig. 4. As depicted in Fig. 5, an 
elongate substantially cylindrical catheter 40 has a sidewall 
41 with a cylindrical outer surface 42. A pair of flexible 
collapsible guide loops 43a and 43b are attached to outer sur- 
face 42 of catheter 40 at or about a distal end thereof. 
Guide loops 4 3a and 43b are attached at joints or weld points 
44a and 44b to catheter sidewall 41 and receive a guidewire 
45. Prior to the insertion of guidewire 45 and subsequently 
to the withdrawal thereof, guide loops 43a and 43b are 
foldable or collapsible against and catheter sidewall 41. 

Guide loops 43a and 43b are provided with smaller 
ancillary loops 46a and 46b attached to loops 43a and 4 3b at 
or about acmes or crests thereof, at points spaced farthest 
from catheter surface 42. 

Upon insertion of guidewire 4 5 (from a proximal end 
thereof) through loops 46a and 46b, guidewire 45 extends sub- 
stantially parallel to catheter 40 and a catheter lumen 47. 
The passage of guidewire 45 through loops 46a and 46b keep the 
main loops 43a and 43b in an extended guide configuration away 
from sidewall surface 42, in a direction transverse to 
catheter 40, as shown in Fig. 4. 

As illustrated in Fig. 6, a catheter 50 with a 
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sidewall 51 having a cylindrical outer surface 52 is provided 
proximate to a distal tip 59 with a plurality of flap-like 
wire guides 53a, 53b, 53c which are flexible, collapsible, and 
perforated for receiving a guidewire 55. An ultrasonic 
waveguide wire 57 extends coaxially through a lumen 56 of 
catheter 50 and is formed at a distal end with a ball 58 for 
causing cavitation upon transmission of an ultrasonic axial 
wave through waveguide wire 57 . 

Flap-like wire guides 53a, 53b, and 53c have 
monotonically decreasing effective lengths: the closer a flap- 
like guide 53a, 53b, or 53c is to distal tip 59 of catheter 
50, the closer to surface 52 is the respective perforation 
(not shown) traversed by wire 55. As depicted in Fig. 6, wire 
55 accordingly converges towards catheter 50 at the distal end 
thereof. This convergence of guidewire 55 and catheter 50 
enables a positioning of the distal tip of the guidewire in 
front of, but spaced from, cavitation ball 58 at the distal 
working end of catheter 50. 

Fig. 7 shows a catheterization assembly similar to 
catheterization assembly of Fig. 6. A catheter 60 with a 
sidewall 61 having a cylindrical outer surface 62 is provided 
proximate to a distal tip 69 with a plurality of flap-like 
wire guides 63a, 63b, 63c which are flexible, collapsible, and 
perforated for receiving a guidewire 65. An ultrasonic 
waveguide wire 67 extends coaxially through a lumen 66 of 
catheter 60 and is formed at a distal end with a ball 68 for 
causing cavitation upon transmission of an ultrasonic axial 
wave through waveguide wire 67. 

The middle flap-like wire guide 63b has effective 
length which is greater than the effective length of the more 
proximal guide 63a and less than the effective length of the 
more distal wire guide 63c. This change in effective guide 
length may be implemented by varying the distance of guide 
perforations (not shown) from catheter surface 62. As 
depicted in Fig. 7, wire 65 diverges from catheter 60 at the 
distal end thereof. This divergence of guidewire 65 and 
catheter 60 enables the guidewire 65 to be pointed at a natu- 
ral bend in an artery or around a urinary stone, for instance, 
where the catheterization is of a urethra. 
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As illustrated in Figs, 8 and 9, a catheter 70 with 
an elongate catheter sidewall 71 and a substantially cylindri- 
cal outer surface 72 surrounds a lumen 76. A projection 7 3 
for guiding a guidewire 75 is provided on outer surface 72 of 
catheter sidewall 71 at a distal end thereof. Guide projec- 
tion 73 extends in a radial direction beyond sidewall outer 
surface 72 and is provided with a bore 74 extending substan- 
tially parallel to catheter lumen 76. Projection 73 takes the 
form of a round bump on outer surface 72 of catheter sidewall 
71. Projection 73 is provided with one or more slits 77 
oriented substantially transversely to lumen 76 and bore 74, 
thereby facilitating a bending of catheter 70 in a region 
about projection 73, as depicted in Fig. 9. 

It is to be noted that slits 77 may have a natural 
width as indicated by bottom surface 78 in Fig. 9. This width 
permits a bending of catheter 70 in a direction opposite to 
that illustrated in Fig. 9. 

The projection type guidewire guide 73 of Figs. 8 
and 9 is utilizable particularly where the guidewire 75 is 
thin, for example, less that 0.030 inch (3/4 mm) and where the 
subject artery is not too small, for example, not less that 3 
mm in internal diameter. Bump- or bullet-shaped guides 73 are 
then no more that 0.040 inch high. Slits 77 may be formed by 
a slicing operation. 

In all of the catheters described herein, the 
guidewire guides are thin, both in a radial and an axial 
direction. The guidewires are maintained outside of the 
respective catheters, at least along distal end portions 
thereof, so that there are no sharp bends in the guidewires 
which would tend to pull the end of the guidewires out of an 
artery or vascular side branch and which increase friction 
between the guidewires and the catheters. 

Although the invention has been described in terms 
of particular embodiments and applications, one of ordinary 
skill in the art, in light of this teaching, can generate 
additional embodiments and modifications without departing 
from the spirit of or exceeding the scope of the claimed 
invention. Accordingly, it is to be understood that the draw- 
ings and descriptions herein are profferred by way of example 
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to facilitate comprehension of the invention and should not be 
construed to limit the scope thereof. 
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CLAIMS : 

1. A catheter comprising: 

an elongate substantially cylindrical catheter wall 
having an outer surface; and 

flexible guide means attached to said outer surface 
of said wall at a distal end thereof for flexing between a 
neutral configuration relatively collapsed against said outer 
surface and a guide configuration extending outwardly from 
said outer surface and for slidably attaching, while in said 
guide configuration, a guidewire to said catheter wall. 

2. The catheter defined in claim 1 wherein said 
flexible guide means includes a plurality of flexible guide 
elements spaced from one another longitudinally along said 
wall. 

3. The catheter defined in claim 2 wherein said 
guide elements have different effective lengths, whereby the 
guidewire passes at a varying distance from said outer sur- 
face. 

4. The catheter defined in claim 3 wherein a rela- 
tively distal one of said guide elements has a longer effec- 
tive length than a relatively proximal one of said guide ele- 
ments, whereby said guidewire diverges from said wall at said 
distal end thereof. 

5. The catheter defined in claim 3 wherein a rela- 
tively distal one of said guide elements has a shorter effec- 
tive length than a relatively proximal one of said guide ele- 
ments, whereby said guidewire converges towards said wall at 
said distal end thereof. 

6. The catheter defined in claim 1 wherein said 
flexible guide means includes a thread-like loop attached to 
said wall. 

7. The catheter defined in claim 6 wherein said loop 
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is provided along its length with a smaller, ancillary loop 
for receiving said guidewire. 

8. The catheter defined in claim 1 wherein said 
flexible guide means includes a flap-like appendage on said 
wall. 

9. A catheter comprising: 

an elongate substantially cylindrical catheter wall 
having an outer surface defined by a given diameter, said wall 
having a lumen; and 

a guide projection on said outer surface of said 
wall at a distal end thereof, said guide projection extending 
in a radial direction beyond said outer surface, said guide 
projection being provided with a bore extending substantially 
parallel to said lumen. 

10. The catheter defined in claim 9 wherein said 
projection is a round bump on said outer surface. 

11. The catheter defined in claim 9 wherein said 
projection is provided with at least one slit oriented sub- 
stantially transversely to said lumen and said bore, thereby 
facilitating a bending of catheter in a region about said 
projection. 

12. A catheterization assembly comprising: 

an elongate substantially cylindrical catheter 
having an outer surface; 

a flexible collapsible guide element attached to 
said outer surface of said catheter at a distal end thereof; 
and 

a guidewire extending generally parallel to said 
catheter and through said guide element so that said guide 
element is held in an extended guide configuration away from 
said outer surface. 

13. The catheter defined in claim 12 wherein said 
guide element is one of a plurality of flexible guide elements 
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spaced from one another longitudinally along said catheter. 

14. The catherization assembly defined in claim 13 
wherein said guide elements have different effective lengths, 
whereby the guidewire passes at a varying distance from said 
outer surface. 

15. The catherization assembly defined in claim 14 
wherein a relatively distal one of said guide elements has a 
longer effective length than a relatively proximal one of said 
guide elements, whereby said guidewire diverges from said 
catheter at said distal end thereof • 

16. The catherization assembly defined in claim 14 
wherein a relatively distal one of said guide elements has a 
shorter effective length than a relatively proximal one of 
said guide elements, whereby said guidewire converges towards 
said catheter at said distal end thereof. 

17. The catherization assembly defined in claim 12 
wherein said flexible guide element is a thread-like loop 
attached to said catheter. 

18. The catherization assembly defined in claim 17 
wherein said loop is provided along its length with a smaller, 
ancillary loop for receiving said guidewire. 

19. The catherization assembly defined in claim 12 
wherein said flexible guide element is a flap-like appendage 
on said catheter. 

20. The catherization assembly defined in claim 12 
wherein said guide element is formed with an inherent spring 
bias tending to hold said guide element in a collapsed con- 
figuration against said outer surface. 
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